Synopsis
Introduction
Previously we reported the synthesis of endo- 8- 2 in the presence of Et 3 N. [5] In these compounds, the bulkyl camphanyl group contributes to a substantial hydrocarbon sheath around the inorganic core of the aggregate.
This structural motif was also seen in the polymeric calcium salt of the corresponding phosphinic acid, CamPH(O)(OH), which has a columnar structure comprising a hydrophilic, inorganic core surrounded by a sheath of camphanyl groups. [6] In this paper we report the synthesis and characterisation of some platinum(II) (2) interactions to form the hexameric unit which contains a central cavity formed by the P=O and P-OH groups, surrounded by the camphanyl groups, Figure 2 . The CamP(O)(OH) 2 hexamers then stack upon each other to give a discontinuous hydrophilic central core surrounded by the bulky hydrophobic camphanyl groups, as shown in Figure 3 .
Structural studies on other phosphonic acids with organic substituents of modest steric 2,4,6-trimethylphenyl) crystallises as a monohydrate in the form of a hydrogen-bonded tetramer. [23] In these structures of bulky phosphonic acids, and also in the structure of the calcium salt of CamPH(O)(OH), [6] there is a hydrophilic core surrounded by a hydrophobic organic sheath, which maximises separation of the hydrophilic inorganic part from the hydrophobic organic part. This suggests that further studies into the chemistry of metal-phosphonate derivatives of camphene-derived organophosphorus acids are worthy of investigation for the possibility of generating interesting structures.
Synthesis of platinum(II)-phosphine complexes derived from 1
The general synthetic route to the 8-camphanylphosphonic acid-derived Pt(II) 3 or L 2 = dppe) that have been previously reported. [7] In the methyl-and phenyl-phosphonates the phosphine phosphorus atoms are equivalent, giving a single peak with 1 JPtP coupling. In contrast, the donor phosphorus atoms (P x and P y , refer This steric restriction prevents the free rotation of the camphanyl group, which results in the phosphine ligands becoming inequivalent. This is supported by NOE studies of complex 2, as well as theoretical studies (vide infra).
In contrast, the 31 P{ 1 H} NMR spectrum of the PPhMe 2 complex 3 shows a singlet for the phosphine ligands (with 3 JPP coupling to the phosphonate phosphorus) indicating that even though the bulkyl camphanyl group is present, the donor phosphine environments are equivalent. In this case, it is proposed that the decreased steric bulk of the PPhMe 2 ligand permits free rotation to occur, making the phosphine ligands equivalent. Both a bulky group on the phosphonate ligand (camphanyl) and bulky phosphine ligands are required to produce the steric interactions that result in inequivalence of the phosphine donors.
The magnitudes of the 1 J PtP coupling constants, which lie between 3654 and 3843 Hz, are comparable with those of the methyl-and phenyl-phosphonate analogues, [7] and are consistent with phosphine ligands trans to low trans-influence oxygen donor groups. [24] Thus Hz; [7] this is not consistent with other 2 JPtP coupling constants in this type of complex and is therefore assumed to be an error.
One-and two-dimensional NMR studies were carried out to fully assign the 1 H and 13 C NMR spectra of complex 2, discussed below. The camphanyl regions of the 1 H and 13 C{ 1 H} NMR spectra of 3 and 4 were similar to those of 2, and were assigned by comparison. Tables 3 and 4 summarise the 1 H and 13 C{ 1 H} NMR spectra of the platinum complexes, and Scheme 1 gives the atom labelling scheme. Due to the complexity of the aryl region of 2 the signals ( 131.5-124.4) belonging to the phenyl rings of the triphenylphosphines were not assigned.
In the 13 In order to determine if there are any structural features that might render the PPh 3 groups of complex 2 inequivalent (vide supra), an X-ray structure determination was carried out. Crystals of the di-chloroform solvate were obtained from CHCl 3 -hexane. The structure of the complex is shown in Figure 4 , with the atom numbering scheme. Selected bond lengths and angles are given in Table 5 .
The complex crystallises as the di-chloroform solvate, both of which form H-bonds to the P=O oxygen atom. The camphanyl group showed some fluxionality with elongated ellipsoids [especially C(9) and C(10)], as shown in Figure 4 . The platinum centre is slightly distorted from a square-planar geometry, with an angle of 9.0° between the P(2)-Pt(1)-P (3) and O (1) 
Theoretical studies
In order to quantitatively rationalise the different NMR spectroscopic behaviour of the PPh 3 and PPhMe 2 complexes theoretical calculations were carried out. Figure 5 shows the density functional theory potential energy curves for rotation of the camphanyl group in complexes 2 and 3. Both compounds exhibit three distinct maxima and three distinct minima corresponding to the hydrogen atoms of the CH 2 group being either eclipsed or staggered relative to the adjacent P=O and P-O groups. We find that the energetic barrier for rotation of the camphanyl group in 3 is low, with the three maxima just 9-13 kJ mol -1 higher than the global minimum. Additional steric interactions due to the bulky PPh 3 ligands in 2 greatly increase the energetic barrier for rotation of the camphanyl group, to 55 kJ mol -1 . This much higher energetic barrier will greatly reduce the rate at which the camphanyl group rotates in 2 compared to 3 and thus supports the NMR and X-ray crystallographic observations.
Experimental
Camphanylphosphonic acid 1 was prepared as described previously. 
Synthesis of [Pt(O 3 PCam)(dppe)] 4
Complex 4 was prepared by the method described for 2, starting from [PtCl 2 (dppe)].
Purification of 4 was achieved by the recrystallisation of the crude reaction mixture, a yellow oil, from chloroform/petroleum spirit at room temperature to give colourless needle-like crystals of 4 in 70% yield. M.p. >140 °C (decomp.).
Theoretical calculations
The geometries of complexes 2 and 3 were optimised using the B3LYP density functional method with the 6-311+G(d,p) basis set for the H, C, O and P atoms and the ccpVTZ basis set and effective core potential for the Pt atoms. The initial geometry for optimisation of 2 was taken from the corresponding X-ray crystal structure. The crystal structure of 3 has not yet been determined, hence the initial geometry was inferred using the orientation of the camphanyl group in 2 and the Pt(PMe 2 Ph) 2 framework from other 
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CCDC 787904 (1) and 787903 (2) Scheme 1 NMR atom labelling schemes (a) hydrogen atoms; (b) carbon atoms Table 1 Bond lengths (Å) and selected bond angles (°) for 8-camphanylphosphonic acid 1.
Estimated standard deviations are in parentheses.
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